1,2, ... , Nl, Nl X N2 Genetic fuzzification neurons in the second layer are square nodes with either the triangular fuzzification functions used by Kwan and Cai [65] or the new Gaussian fuzzification functions.
The triangular fuzzification functions are given by: Genetic algorithms are used to optimize 0; for K input patterns in order to reduce the number of neurons in the layers 2, 3 and 4.
Layer 3: Fuzzy Clustering Layer M fuzzy neurons in the 3rd layer are trapezoidal nodes with a min function defined by
pqm , (10.5) where m = 1,2, ... , M. M will be determined by the learning algorithm.
Layer 4: Output Layer
M output neurons in the 4th layer are triangular nodes with the functions defined by [4] 0 for
1 for Opqm = maxm=l(Opqm), (10.6) where m = 1,2, ... , M.
Genetic-Algorithms-Based Self-Organizing Learning Algorithm
By adding genetic algorithms into the Kwan-Cai learning algorithm [65] , we propose a genetic-algorithm-based self-organizing learning algorithm which is able to reduce M by adjusting 0;. The total number of fuzzy neurons in a GFNN is (1 + M)N1N2 + 2M. Nl and N2 are fixed, therefore we can only try to reduce M to reduce the complexity of the G FNN. The genetic-algorithmbased self-organizing learning algorithm is given below,
Step 1: Choose values of 0;(0; 2 0) and f3 for the second layer of the GFNN. 
Simulations
We use 10 kinds of the distorted 26 English letters and 10 Arabic numerals to verify the new GFNN. For example, 10 kinds of distorted patterns for "H" and "4" are shown in Figures 10.2 The simulation results are given in Tables 10.1, 10 .2 and 10.3. As a result, the new GFNN is better than the Kwan-Cai FNN becSLuse the GFNN can optimize a by using genetic algorithms. 
Conclusions
By applying genetic algorithms to the Kwan-Cai fuzzy neural network, we have designed a more adaptive genetic fuzzy neural network for pattern recognition. A genetic-algorithms-based self-organizing learning algorithm is capable of reducing the total number of fuzzy neurons and increasing recognition rates for a fixed number of output neurons. The simulations have indicated that the genetic fuzzy neural network is effective'for recognizing various distorted patterns with good recognition rates. 
